SUMMARY A previous report by our group described a cross-sectional association between urinary sodium excretion and blood pressure (BP) in children. Attempts were made to reproduce these findings in two subsequent studies carried out with an identical protocol. Although descriptive results were similar and the correlations between measures of body size and blood pressure were reproduced, a clear-cut association between 7-day mean urinary sodium excretion and BP was observed only in the first of the three studies. These results could imply inadequate study methods, an inconsistent and weak relationship, or the absence of a relationship altogether. A LTHOUGH chronic high sodium intake has long been thought to play a role in the development of hypertension, it has proven difficult to demonstrate a causal relationship. In addition to the usual problems in studying the etiology of multifactorial chronic diseases, one of the major obstacles to elucidating this question has been inadequacy of the measurement techniques. Previous work by our group demonstrated the need to obtain multiple measurements in order to characterize accurately the sodium intake of individuals.
pals were contacted and invited to participate in the study. Science classes were used as a base for the recruitment of children and the proposed study was presented as part of the health curriculum to students of the sixth through eighth grades. The studies -designated A, B and C -were carried out in 3 consecutive years, all beginning in the late winter and continuing until May. Study A was the subject of the previous report. 3 Thirty of the 78 students participating in the first study were white while all of the children who participated in the second two studies were black. Two schools were involved in Study A, three in Study B, and two in C. The response rate was 50% to 70% in all schools.
Groups of six to 10 children were carefully instructed on the procedure for collection of 24-hour urine samples. Carrying cases and plastic bottles were provided each student on a daily basis. Every effort was made to collect all seven specimens on consecutive days; however when a child was ill or missed school an additional sample was collected the following week. The participant was asked to void before going to bed on the evening of the first day (Sunday) and begin collection with the first morning's voiding on the following day. Attempts were made to keep a written time record of the evening and morning voiding but these were not complete enough to be used in the analysis. It became obvious that if a child forgot to record the time of the last voiding on the previous evening he/she could not provide that information accurately when asked by study personnel the next day. Boric acid was added as a preservative after the specimen was returned. Height and weight were measured in light indoor clothes with shoes. The BP measurement was obtained in a quiet room in the sitting position with the arm resting on a table at heart level after a 5-minute rest. Pulse rate was counted for 30 seconds and BP recorded first with a standard mercury manometer and then with a random-zero device. Phase V diastolic was recorded. After a 30-second pause the same procedure was repeated. The same set of measurements were recorded in the week before urine collection and the week after; the average of the four random-zero readings made on the two separate visits was used in the analysis. Two observers measured the BP in Study A, neither of whom participated in the subsequent work. During Study B three observers measured the BP; two measured BP during Study C, only one of whom participated in Study B. The individuals who measured BP had been trained and certified by the methods of the Hypertension Detection and Follow-up Program. 4 Urine samples were analyzed by automated methods for sodium, potassium, and creatinine. Duplicate samples were submitted blindly to the laboratory and yielded a technical error of less than 10% for each of the studies.
A major problem in analysis was the establishment of exclusion criteria and an arbitrary standard was applied. If the sodium excretion was less than 20 mEq for any 1 of the 7 days, the participant was dropped at the time of final analysis for presumed incompleteness. For all three studies combined a total of 259 children provided complete data. Eighteen of that 259 were excluded based on the criterion of a low 24-hour sodium value. A description of the statistical methods and the formulas used in calculation can be found in previous reports.
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Results Descriptive results for the three studies are presented in table 1. Participants in Study C were heavier, although the same height, and therefore had a higher body mass index. (Obesity as such was not evaluated directly). Both systolic and diastolic BP were higher in each successive study with a 10 mm Hg difference in systolic between Study A and C; this may partially be explained by the fact that children in Study C were 11 pounds heavier.
Mean 7-day excretion of sodium and potassium was slightly lower in B and C although creatinine was similar for all 3 years. Intrastudy correlations for BP were similar throughout; that is, the correlation between the mean of two readings taken 10 to 14 days apart was between 0.60 and 0.70 for systolic in all studies and the correlations between systolic and diastolic BP ranged from 0.38 to 0.44.
The correlation matrices for the primary variables are summarized in tables 2, 3 and 4. A consistent set of relationships was apparent between BP, weight, height, and creatinine; the correlations were positive and almost always statistically significant (p < 0.05). In Study B, diastolic BP was related only to systolic BP and weight. Sodium excretion was highly correlated with creatinine in all three studies, and with weight in Studies A and B. However, the only consistent sodium-BP correlation occurred with systolic pressure in Study A. In multiple regression analysis utilizing the data of Study A this relationship was independent of weight, but not creatinine. 3 As expected, based on the absence of simple correlations, no sodium-BP relationships were present in regression analysis of Studies B or C. The data were further analyzed separately by school, and by sex, and no sodium-BP associations were found. White children were studied only in Study A. As noted in the previous report, the observed relationships were similar in children of both races and no reason was found to infer that racial composition played a role in the subsequent negative findings. 3 The relationship of BP to urinary potassium and the sodium/potassium ratio was examined in each study and no consistent associations emerged.
It is possible that urine collections were less complete in Studies B and C, biasing the results toward zero correlations. Mean excretion rates would reflect systematic undercollection, and as noted they were similar in all three studies for sodium, potassium, and creatinine. Variability over the 7 days consisted of both biological variation and random incompleteness. To assess whether or not variability in Studies B and C was excessive relative to A, the intraindividual standard deviations of sodium and creatinine were examined for each of the seven schools in all three studies (table 5) . Sodium values are similar throughout although creatinine was lower in School 2 and somewhat higher in Schools 5 and 7; the lower value for the standard deviation of creatinine in School 2 corresponds in large part to a lower mean excretion rate, as previously described. study a significant correlation will only appear intermittently. To examine that question each of the two BP visits was correlated with the corresponding 7-day mean sodium excretion for each school separately, yielding 14 observations (table 6). Six of these 14 observations are positive and significant, with p < 0.05; for eight of them the correlation was 0.2 or greater. Three of the correlations associated with a p value of 0.05 or less are in Study A, and three in B and C; to that degree the initial results were confirmed. Partial correlations, controlling for weight, yielded four significant values, again evenly divided between Study A and Studies B and C. All the correlations were in different pairs, i.e., separate schools. Thus, after controlling for weight in all studies, the probability of 
Discussion
A relationship between sodium and BP within a population has been difficult to demonstrate. 5 " 13 Despite the positive association noted in our initial study, the finding could not be reproduced in two subsequent attempts. All three studies were carried out with an identical protocol, in the same neighborhoods, supervised by the same investigators. All descriptive findings and the anticipated relationship between body size and BP were consistent over the 3 years. The measurements appear to have been made with the same degree of reliability, based on the intrastudy correlations of BP, and the degree of variability of sodium and creatinine. In particular, random variation attributable to excessive incompleteness of collections in the latter two studies does not appear to account for the inconsistent results.
As noted by several authors the methodological problems involved in characterizing the habitual sodium intake of a free-living population present a series of obstacles to the study of potential sodium-BP relationships.'-
We have previously demonstrated the need for multiple measurements to characterize accurately the sodium intake of individuals. 12 Of course, even accurate characterization at a single point in time does not necessarily reflect life-long habits. Genetic predisposition and the impact of other potential risk factors will introduce further "noise" into the measurement of the effect of a single factor.
The primary methodological problem in the estimation of sodium intake in free-living populations with urine collections remains the establishment of criteria for validity. The premise of this study was not that complete collections would always be obtained, but that the collections would be sufficiently complete to allow the underlying relationships to be observed. However, eliminating participants with incomplete samples would obviously enhance the possibility of finding potential associations. Despite the theoretical attractiveness of using creatinine levels as a basis for judging completeness, several problems arise. Criteria can be applied to group means but that does not address our problem; we wanted to know if an individual collection was incomplete. Numerous investigators have reported that the coefficient of variation for urinary creatinine is itself high, in the range of 10% to 20%, implying a large day to day intraindividual variability. 14 
"
18 These reports were generally based on data obtained in hospitalized patients where precisely timed specimens could be collected.
14 " 18 Scott and Hurley used radioisotope excretions in adults, coincidentally being studied for other illness, as a basis for estimating urine flow and found a coefficient of variation for creatinine of 8% to 14%. A further disadvantage arose in our study. Despite vigorous efforts we were not able to obtain reliable data on the precise duration of each collection period and we could not, therefore, correct the collection periods to a 24-hour standard. Since the children did not void at the same time in the evening each day, the period could have varied up to 4 hours from day to day. Of course, adherence to the protocol in a field study such as this would be less than observed in hospitalized patients. As a result of these factors, the median intraindividual coefficient of variation for creatinine in this study was 31%. It is impossible to know what proportion of the excess above the presumed biological norm, as described in previous studies of adults, can be attributed to variation in length of the collection periods or to random incompleteness. By the same token, the 7-day mean could still be reasonably valid despite sizable day-to-day variation contributed by variable length of the collection period. The main implication of the greater coefficient of variation is that 24-hour creatinine excretion loses its usefulness as a criterion for exclusion of incomplete samples and the precision of the measurements used in the analysis is, in the aggregate, reduced. Any criteria not based on objective estimates that exclude a significant number of participants can introduce serious bias, and therefore only clearly extreme values (< 20 mEq/day) were eliminated in this study. The problem of adherence will exist to some degree in all such studies of freeliving people. Since our aim was to estimate sodium excretion in children on their usual diet, there was no alternative to the design which studied them under free-living conditions.
When the data from this study were divided into 14 separate observations, a positive and significant correlation between sodium and BP was noted on six occasions; four such correlations were noted after controlling for weight. These positive associations were divided evenly between the first and the last two studies. Although it is reasonable to conclude from such an analysis that the relationship observed is probably real, the findings did not persist when schools were combined in multivariate analysis. It does confirm, however, the idea that sodium relationships are inherently weak and inconsistent when looked at cross-sectionally and lends support to the argument that such studies are biased towards false negative results. Therefore, as described here, a positive outcome in multivariate analysis in one of three studies, although not a basis for firm conclusions, is still consistent with the hypothesis that a weak association exists between sodium excretion and BP within a population.
This study was not originally designed to extend over a 3-year period. It became apparent after the initial group of children had been examined, however, that the sample size needed to be enlarged to confirm the findings. Since each study was undertaken sequentially without an overall design related to the original population, the three samples cannot be taken as representative of all children in the Chicago parochial schools. In fact it was intended that each study represent replicate samples drawn from a subset of schools, and, despite the group differences in BP and weight that are noted, the analysis is based on that assumption.
The literature on sodium and BP is replete with inconsistent and contradictory reports. 5 " 12 Studies that report positive results within a population have generally not been replicated. 5 "" A variety of potential explanations of this phenomenon could be advanced: no relationship in fact exists between sodium and BP; the range of sodium intake being studied in industrialized society is above the saturation point for its effect and individual differences have no impact; genetic and other factors obscure the role of sodium; short-term characterization, as done cross-sectionally within a population, is insufficient as an estimate of habitual, life-long intake; or the measurement techniques are too insensitive and bias the correlations toward zero.
It is also possible, in the case of this study, that the true relationship is not yet evident in children. Although the data presented in this report are inconclusive they are not wholly negative and do in fact suggest a weak and inconsistent relationship. The study methods utilized may have gone part of the way, but not far enough, toward limiting the impact of the factors listed above which tend to create a false negative bias. To advance understanding of this important question, improved study methods and identification of the crucial obstacles are required.
